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Uncomplicated thyrotoxicosis is a state of sympto-
matic hyperthyroidism that when exacerbated may
develop into the life-threatening emergency of
thyroid storm (severe thyrotoxicosis). Thyroid storm
is a hypermetabolic state with decompensation of at
least one organ system.17 Uncomplicated thyrotox-
icosis is not uncommon in women of middle age with
a prevalence of about 2%.7 Thyroid storm, on the
other hand, is very rare with an uncertain incidence.
Due to its rarity, few large outcome studies of
thyroid storm have been performed, but those that
exist report mortality rates ranging from 20—30%
even with treatment.20,12 According to the Center
for Disease Control and National Center for Health
Statistics, thyroid storm accounted for 12 deaths in
2001, the most recent year of available mortality
statistics.18 As thyroid storm is rare, the average
physician is unlikely to see more than one or two
cases of thyroid storm during his or her career, but
all clinicians should be aware of both its clinical* Corresponding author. Tel.: +1 708 346 4255;
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doi:10.1016/j.injury.2005.05.018features and its treatment to avoid unnecessary
morbidity and mortality.Case one
A 40-year-old female was brought to the level 1
trauma center after sustaining an unrestrained
head-on motor vehicle crash. On initial examina-
tion, she was confused and disoriented with a heart
rate in the range of 120—130 beats perminute (bpm)
despite apparently adequate volume resuscitation
in the field. Her systolic blood pressure was
170 mmHg, and she was afebrile. Neurologically,
her Glasgow coma score was 11 and on physical
examination, she had a superficial laceration at
the angle of her mandible and a noticeable closed
fracture of her left femur. The abdomen was dis-
tended, with no tenderness or evidence of perito-
nitis. Initial focused abdominal sonography for
trauma (FAST) exam was negative for free fluid.
The remainder of the physical exam including neck
examination was unremarkable. The patient’s men-
tal status continued to worsen and she was promptly
intubated for airway control.
With the patient’s airway secured and vital signs
stabilised, computed tomography (CT) scans of the
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Figure 1 Uppermost cut of CTscan of chest demonstrat-
ing diffusely enlarged thyroid gland consistent with goiter.head, chest, abdomen, and pelvis were ordered.
The head CT revealed diffuse, mild brain oedema,
but no acute hemorrhage or midline shift. The CTof
the abdomen and pelvis revealed a Grade III splenic
laceration with a small amount of perisplenic fluid,
but no active extravasation of contrast. The only
abnormality noted on chest CTwas a small anterior
mediastinal haematoma, and the thyroid gland
appeared normal on the most cephalad CT cuts.
X-ray of the left femur confirmed a midshaft frac-
ture that was later treated with skeletal traction
followed by open reduction and internal fixation.
Following the CT scans, the patient’s heart rate
increased to the 140—150 bpm range. On abdominal
examination the patient’s abdomen was noticeably
more distended and a repeat FAST exam was sig-
nificant for free fluid around the liver and spleen and
in the pelvis. The patient was then brought emer-
gently to the operating room for exploratory lapar-
otomy. On exploration, two litres of blood was found
in the peritoneal cavity. An actively bleeding Grade
V splenic laceration was identified, and a splenect-
omy was performed. No other injuries were found in
the abdomen.
Postoperatively, the patient’s tachycardia per-
sisted in the 140—150 bpm range. The cause of this
tachycardia remained uncertain, especially given
what appeared to be an adequate post-operative
resuscitation. The initial post-operative base def-
icit of (14) was corrected to (1) within 24 h. To
further evaluate the patient’s haemodynamic state
and to guide resuscitation, a pulmonary artery
catheter was placed. Analysis of haemodynamic
data revealed an excellent cardiac output and car-
diac filling pressures with a mixed venous oxygen
saturation of 76%. In the absence of evidence of an
ongoing shock state, the tachycardia was aggres-
sively treated with a continuous intravenous infu-
sion of esmolol, titrated to keep the heart rate less
than 120 bpm. In addition, as part of the workup for
unexplained tachycardia, thyroid function tests
were performed. These studies revealed a thyroid
stimulating hormone (TSH) of less than 0.002 mU/
ml (normal = 0.49—4.70 mU/ml), free thyroxine
(T4) level of 2.35 ng/dl (normal = 0.71—1.85 ng/
dl), total T4 of 8.8 ng/dl (normal = 4.6—12 ng/dl)
and triiodothyronine (T3) Resin Uptake of 56% (nor-
mal = 24—37%). These laboratory data supported
the diagnosis of thyroid storm. A consulting endo-
crinologist advised initiating propylthiouracil (PTU)
and continuing the esmolol drip. The tachycardia
was controlled by the fourth postoperative day and
the remainder of the patient’s hospital course
was noteworthy only for a prolonged ventilator
course due to exacerbation of chronic asthma with
refractory bronchospasm. Further questioning ofthe patient after extubation revealed symptoms
suggestive of hyperthyroidism prior to the motor
vehicle crash. The patient had been experiencing
palpitations, hot flashes, and tremours. In addition,
she had noted a gradual enlargement of her anterior
neck and weight loss of 10 kg. The patient was
discharged home on atenolol 50 mg orally daily
and PTU 150 mg orally every 8 h with follow-up
appointments with the trauma and orthopaedic
surgery services, as well as with the consulting
endocrinologist.Case two
A 28-year-old female presented to a level 1 trauma
center following a high speed motor vehicle crash.
The patient initially complained of left hip, left
chest and abdominal pain. She presented with a
heart rate of 122 bpm and was otherwise haemody-
namically stable with a blood pressure of 143/
62 mmHg. On examination, her GCS was 14. She
was noted to be a thin African-American female
with tenderness to palpation over the left lateral
chest wall, left upper quadrant of the abdomen, and
the left iliac crest and inguinal areas. CTscans of the
head, chest, abdomen, and pelvis were ordered and
revealed multiple non-displaced left rib fractures,
several left mid-lung contusions with multiple post-
traumatic pneumatocoeles, diffuse thyromegaly
(Fig. 1), a small splenic laceration along the ante-
rolateral pole, and a left-sided pelvic fracture. The
CTof the head showed diffusemild brain edemawith
a small collection of subarachnoid blood.
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haematocrit remained stable, but her heart rate
remained at 110—120 bpmwith no other evidence of
haemodynamic instability. Despite her bony inju-
ries, she also appeared to have adequate pain con-
trol. Further physical examination revealed mild
exophthalmos and thyromegaly, neither of which
had been noted on initial physical examination.
These findings prompted the ordering of thyroid
function tests that revealed a TSH less than
0.05 mU/ml (normal = 0.49—4.70 mU/ml), an ele-
vated free T4 of 3.43 ng/dl (normal = 0.71—
1.85 ng/dl), and an elevated free T3 of 6.13 pg/
ml (normal = 1.45—3.48 pg/ml). Treatment with
oral methimazole at a dose of 10 mg every 8 h
and oral metoprolol at 50 mg twice daily was
initiated. Her tachycardia resolved over the next
few days and the remainder of the hospitalization
was uneventful. Her splenic, chest wall, and pelvic
injuries were all successfully managed non-opera-
tively, and she was discharged to home in stable
condition on the above-mentioned regimen of
methimazole and metoprolol and with appropriate
trauma, neurosurgery, orthopaedic surgery, and
endocrinology follow-up. Surprisingly, further ques-
tioning of the patient revealed a paucity of prior
symptoms of hyperthyroidism. She denied any
weight loss, palpitations, tremour, diarrhea or hot
flashes, but admitted to increasing proptosis and
anterior neck swelling over the past few months.Discussion
Thyroid storm is a rare life-threatening condition
that often develops in a previously hyperthyroid
patient usually due to an identifiable precipitating
event. Known precipitating events include infec-
tion, radioiodine therapy, surgery, withdrawal of
antithyroid medications, cerebrovascular accident,
diabetic ketoacidosis, pulmonary embolus, toxae-
mia of pregnancy, and severe emotional stress.17
Trauma is a known, but rare, cause of exacerbated
hyperthyroidism and thyroid storm with only eight
cases reported in the English literature.1,6,8—10,19,23
The majority of patients who develop thyroid storm
have underlying hyperthyroidism that has been
either untreated or only partially treated.17,5
The Jod—Basedow phenomenon is a well-
described condition of iodine induced thyrotoxicosis
that can range from mildly symptomatic hyperthyr-
oidism to frank thyroid storm.22 Historically, this is
seen in patients with iodine deficiency and only
rarely has been described in patients who are not
deficient in iodine.15 The Jod—Basedow phenom-
enon may be initiated by many different prepara-tions of iodine including oral medications (e.g.
Lugol’s solution and amiodarone), topical (e.g. povi-
done iodine), and, uncommonly, radiographic con-
trast agents. Thyroid storm following infusion of
iodinated contrast material has only been reported
twice in the English literature2,16 with one of these
cases occurring in the United States. Blum and
colleagues report a euthyroid patient who devel-
oped thyroid storm after cardiac angiography and
cardiac surgery.2 The authors suggest that the com-
bination of the iodinated contrast and stress of
surgery combined to cause the thyroid storm. Shi-
mura and colleagues describe a symptomatic
hyperthyroid patient in Japan who developed thyr-
oid storm 5 h following infusion of iodinated con-
trast for a CT-scan.16 Both of the patients presented
here received intravenous infusions of the iodinated
contrast agent iopamidol (Isoview 300, Bracco Diag-
nostics, Inc., Milan, Italy). Such an iodine infusion
(300 mg of iodine/mL of contrast) may have con-
tributed to the subsequent development of clinical
thyroid storm in both patients.
Clinical features of thyroid storm include hyper-
pyrexia, diaphoresis, cardiac symptoms (tachycar-
dia, arrhythmia, or congestive heart failure),
gastrointestinal symptoms (nausea, emesis, diar-
rhea, or jaundice), and mental status alterations
(agitation, confusion, delirium, psychosis, or coma).
Physical exam findings in the patient with hyperthyr-
oidism or thyroid storm may include a goiter, an
audible bruit over the thyroid, tremour, increased
deep tendon reflexes, increased systolic blood pres-
sure, a widened pulse pressure, and, if due to
Grave’s Disease, exophthalmos.17 Although free
T4 and dialyzable T4 have been shown to be ele-
vated in thyroid storm in comparison to uncompli-
cated hyperthyroidism in one small scale study,
there is no threshold that differentiates between
these two conditions.3 In addition, total T3 and total
T4 are often similar in thyroid storm and uncompli-
cated thyrotoxicosis.3,4 Given these limitations,
thyroid storm is a diagnosis that must be made
clinically. To assist the clinician, Burch and War-
tofsky devised a diagnostic scoring table to differ-
entiate true thyroid storm from impending thyroid
storm and uncomplicated thyrotoxicosis5 (Table 1).
In our first case, although the patient exhibited
symptoms of hyperthyroidism prior to her accident,
it was not possible to elucidate such a complete
history in the acute trauma setting due to her
altered mental status and rapid clinical deteriora-
tion. While this patient met the Burch andWartofsky
classification for thyroid storm on presentation in
the emergency department (score of 50: 20 for
tachycardia, 20 for moderate mental status altera-
tion, and 10 for precipitant history), the validity of
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Table 1 Diagnostic criteria for thyroid storm (adapted
from Burch and Wartofsky5)
Thermoregulatory dysfunction
Temperature (8F)
99—99.9 5
100—100.9 10
101—101.9 15
102—102.9 20
103—103.9 25
104.0 30
Cardiovascular dysfunction
Tachycardia (bpm)
90—109 5
110—119 10
120—129 15
130—139 20
140 25
Congestive heart failure
Absent 0
Mild-pedal oedema 5
Moderate-bibasilar rales 10
Severe-pulmonary oedema 15
Atrial fibrillation
Absent 0
Present 10
Central nervous system effects
Absent 0
Mild 10
Agitation
Moderate 20
Delirium
Psychosis
Extreme lethargy
Severe 30
Seizure
Coma
Gastrointestinal—hepatic dysfunction
Absent 0
Moderate 10
Diarrhea
Nausea/vomiting
Abdominal pain
Severe 20
Unexplained jaundice
Precipitant history
Negative 0
Positive 10
A score of 45 or greater is highly suggestive of thyroid storm, a
score of 25—44 is suggestive of impending storm, and a score
below 25 is unlikely to represent thyroid storm.this classification system is questionable in the
acute trauma setting. This patient’s initial tachy-
cardia and altered mental status may be completely
attributable to haemorrhagic shock with little or no
contribution from the hyperthyroid state. Never-
theless, following surgical exploration, haemosta-sis, and resuscitation, the altered mental status and
marked tachycardia persisted, and the patient
became febrile. At this point, the Burch and War-
tofsky classificationmay bemore reasonably applied
to this patient. The evidence for a diagnosis of
thyroid storm in this case is further supported by
the presence of an unidentified hyperthyroid state
which was subjected to three known precipitants of
thyroid storm: trauma, iodinated contrast, and sur-
gery along with a clinical improvement following
initiation of antithyroid therapy.
As can be inferred from this case, the diagnosis of
thyroid storm should be kept in mind in all acutely ill
trauma patients with unexplained tachycardia,
fever, and/or abnormal mental status. However,
the diagnosis should be considered only after all
more common causes of these symptoms are
excluded, and after thyroid function tests prove
to be abnormal. Tachycardia remains a highly sen-
sitive, yet nonspecific clinical indicator of haemo-
dynamic instability in the trauma patient. Its
presencemust be considered as indicative of a shock
state unless contradicted by equally reliable indi-
cators. In this case, the diagnosis of thyroid storm
was suspected only after a combination of arterial
blood gas analysis for acid-base determination and
assessment of haemodynamic data from the pul-
monary artery catheter confirmed that the patient
was not hypovolemic and that she did not demon-
strate significant cardiac dysfunction.
In contrast to the first case, thyrotoxicosis was
suspected in the second patient within hours of
presentation to the Emergency Department due to
the physical exam findings of proptosis and thyro-
megaly. At the time of presentation, she would be
classified as impending thyroid storm according to
the Burch and Wartofsky diagnostic criteria (score of
25: 15 for tachycardia and 10 for precipitant his-
tory). Again, caution had to be utilised in excluding
other potential causes for this patient’s clinical
findings prior to arriving at the diagnosis of thyro-
toxicosis. We were aided in this case by very char-
acteristic Grave’s disease findings on exam
(thyromegaly, exopthalmos), and a high index of
clinical suspicion derived from our prior experience
with the earlier patient. The early establishment of
the diagnosis and prompt initiation of treatment for
this second patient’s hyperthyroid state may have
halted the progression of her condition to thyroid
storm and helped her avoid the multiple complica-
tions associated with such progression.
Treatment of the acute hyperthyroid state
involves three approaches: (1) blocking synthesis
of thyroid hormone; (2) blocking release of pre-
formed thyroid hormone; and (3) inhibition of per-
ipheral conversion of T4 to T3.
5,17 If thyroid storm is
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mandates that early empiric pharmacologic therapy
be initiated, even in the absence of confirmatory
thyroid functional studies. The definitive treat-
ments of radioactive iodine ablation and surgical
thyroidectomy are delayed until after the acute
thyroid crisis is controlled medically and the patient
is in a euthyroid state.
Several pharmacologic agents are commonly
employed in the management of the acute
hyperthyroid state. Methimazole and PTU both
block the synthesis of thyroid hormone. PTU adds
the additional benefit of decreasing the peripheral
conversion of T4 to T3. These drugs are usually
administered either orally or through an NG tube,
however rectal administrations of both methima-
zole and PTU have been successfully described.13,21
Lugol’s iodine solution contains inorganic iodine,
which when given in large doses, blocks the release
of preformed thyroid hormone. Other inorganic
iodine options include saturated solution of potas-
sium iodide (SSKI), Ipodate, and Iopanoate. These
last two agents have the added benefit of decreasing
peripheral conversion of T4 to T3,
14 but are rarely
available atmost institutions. It is essential that PTU
or methimazole be administered at least one to
three hours prior to any of these iodine-containing
medications. As a substrate for thyroid hormone
synthesis, iodine administered prior to PTU or
methimazole therapy may exacerbate thyroid storm
by rapidly increasing thyroid hormone produc-
tion.5,14 Use of Lugol’s solution should be limited
to only one week due to the escape phenomenon in
which the thyroid gland begins to escape the inhi-
bitory effect of inorganic iodine after one to three
weeks.14,17
Beta-blockers (esmolol and propranolol) and ster-
oids (dexamethasone) are used for their pharmaco-
logic effect of decreasing the peripheral conversion
of T4 to T3. Beta-blockers have the added benefit of
also treating many of the autonomic manifestations
of thyroid storm including tachycardia, hyperten-
sion, diaphoresis, tremour, and agitation. Because
our first patient was extremely tachycardic (heart
rate of 140—150 bpm) without evidence of a shock
state, we initially administered esmolol for heart
rate control. This drug has the favorable pharma-
cologic properties of a very rapid onset and a very
short duration of affect allowing titration to achieve
the goal heart rate quickly. Once the heart rate was
lowered, we switched to atenolol for the ease of
administration and anticipation of maintenance oral
atenolol therapy as an outpatient. In addition to
inhibiting the peripheral conversion of T4 to T3,
corticosteroids also decrease the type II hypersen-
sitivity response that participates in the pathogen-esis of Grave’s disease. It should also be noted that
the incidence of adrenal insufficiency is increased in
Grave’s disease.14 Normal serum cortisol levels have
been observed in thyroid storm under conditions of
critical illness and stress where one would expect
them to be elevated.12 Nevertheless, to avoid
further adrenal suppression, adjunctive corticoster-
oid therapy for thyroid storm should be discontinued
as soon as possible once the patient’s condition
stabilises.
Supportive measures also play a role in the treat-
ment of thyroid storm. Most, if not all, patients in
thyroid storm should be monitored in the intensive
care unit and prompt critical care interventions
should be instituted at the first sign of organ dys-
function. Intravenous fluids are often necessary to
prevent intravascular collapse due to the enormous
fluid loss associated with profuse diaphoresis, diar-
rhea, and emesis. Respiratory fatigue may require
mechanical ventilatory support. Patients in sus-
pected thyroid storm require close cardiac monitor-
ing as they are susceptible to atrial and ventricular
arrhythmias as well as high output congestive heart
failure. Aggressive treatment of non-physiologic
hyperthermia with antipyretic agents and cooling
blankets is often required. Acetaminophen is the
preferred antipyretic agent. Aspirin should be
avoided as it can exacerbate the thyroid crisis by
increasing the amount of free thyroid hormones via
displacement from their binding sites.11
Once stable, the patient should be given main-
tenance therapy with an antithyroid medication
(i.e. PTU or methimazole) and a beta-blocker until
definitive thyroid ablation is performed. If the
patient in thyroid storm is treated with inorganic
iodine, radioactive iodine ablation cannot be under-
taken until several weeks to months have passed
after discontinuation of iodine treatment. This
allows thyroid gland stores of iodine to drop to a
level that will provide optimal uptake of the radio-
active iodine for ablation.5 Surgical subtotal thyr-
oidectomy can be immediately performed following
the attainment of the euthyroid state, however this
carries the additional risk of exacerbating another
hyperthyroid crisis due to the stress of anaesthesia
and surgery.5
Early diagnosis and treatment of thyroid storm is
essential because untreated thyroid storm is almost
always a fatal condition.17 In today’s environment
where the CTscan is frequently used to evaluate the
trauma patient, the incidental finding of an
enlarged thyroid gland should not be ignored, nor
should a markedly increased tachycardia following
infusion of iodinated contrast. An astute clinician
who identifies physical examination findings or ima-
ging studies suggestive of thyroid disease in combi-
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performing a thyroid work-up and once confirmed,
initiating treatment for thyroid storm. However, the
diagnosis of thyrotoxicosis and thyroid storm must
remain a diagnosis of exclusion in the critically ill
trauma patient. All other potentially life-threaten-
ing causes of tachycardia, altered mental status,
and fever must be ruled out prior to attributing such
findings to the far less common syndromes of thyr-
otoxicosis and thyroid storm.References
1. Barker DE, Strodel WE. Hyperthyroid crisis. J Ky Med Assoc
1988;86:371—3.
2. Blum M, Kranjac T, Park CM, Engleman RM. Thyroid storm
after cardiac angiography with iodinated contrast medium:
occurrence in a patient with a previously euthyroid autono-
mous nodule of the thyroid. JAMA 1976;235:2324—5.
3. Brooks MH, Waldstein SS. Free thyroxine concentrations in
thyroid storm. Ann Inten Med 1980;93:694—7.
4. Brooks MH, Waldstein SS, Bronsky D, Sterling K. Serum triio-
dothyronine concentration in thyroid storm. J Clin Endocrinol
Metab 1975;40:339—41.
5. Burch HB, Wartofsky L. Life-threatening thyrotoxicosis: thyr-
oid storm. Endocrinol Metab Clin North Am 1993;22:263—77.
6. Davis V, Bey TA, Keim SM. Trauma and thyroid-induced tachy-
cardia. J Emerg Med 2000;18:203—7.
7. DillmannWH. The thyroid. In: GoldmanL, Bennett JC, editors.
Cecil textbook of medicine. 21st ed., Philadelphia: W.B. Saun-
ders; 2000. p. 1236—41.
8. Fitz-Henry J, Riley B. Lesson of the week: thyrotoxicosis in a
patient with multiple trauma: value of ‘‘AMPLE’’ history
taking. BMJ 1996;313:997—8.9. Gregg-Smith SJ. Thyroid storm following chest trauma. Injury
1993;24:422—3.
10. Jacobs RR. Acute hyperthyroidism precipitated by trauma.
South Med J 1979;72:890—1.
11. Larsen PR. Salicylate-induced increases in free triiodothyr-
onine in human serum: evidence of inhibition of triiodothyr-
onine binding to thyroxine-binding globulin and thyroxine-
binding prealbumin. J Clin Invest 1972;51:1125—34.
12. Mazzaferri EL, Skillman TG. Thyroid storm: a review of 22
episodes with special emphasis on the use of guanethidine.
Arch Intern Med 1969;124:684—90.
13. Nabil N, Miner DJ, Amatruda JM. Methimazole: an alternative
route of administration. J Clin Endocrinol Metab 1982;54:
180—1.
14. Ringel MD. Endocrine and metabolic dysfunction syndromes
in the critically ill. Management of hypothyroidism and
hyperthyroidism in the intensive care unit. Crit Care Clin
2001;17:59—74.
15. Roti E, Uberti ED. Iodine excess and hyperthyroidism. Thyroid
2001;11:493—500.
16. Shimura H, Takazawa K, Endo T, et al. T-4 thyroid storm after
ct-scan with iodinated contrast medium. J Endocrinol Invest
1990;13:73—6.
17. Tietgens ST, Leinung MC. Thyroid storm. Med Clin North Am
1995;79:169—84.
18. Vital statistics of the United States: mortality, 2001. Avail-
able online at: http://www.cdc.gov/nchs. Accessed May 28,
2004.
19. Vora NM, Fedok F, Stack BC. Report of a rare case of trauma-
induced thyroid storm. Ear Nose Throat J 2002;81:570—4.
20. Waldstein SS, Slodki SJ, Kaganiec GI, Bronsky D. A clinical
study of thyroid storm. Ann Intern Med 1960;52:626—42.
21. Walter RM, Bartle WR. Rectal administration of propylthiour-
acil in the treatment of Grave’s disease. Am J Med 1990;88:
69—70.
22. Woeber KA. Iodine and thyroid disease. Med Clin North Am
1991;75:169—78.
23. Yoshida D. Thyroid storm precipitated by trauma. J Emerg
Med 1996;14:697—701.
